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Introduction 

With the successful recolonization and reintroduction of wolves (Canis lupus) in parts of the western United States (Bangs 
and Fritts, 1996; Bangs et al., 1998) and the natural expansion of wolves in the upper i^idwest (Fuller et al., 1992; Thiel, 
2001), managing conflicts between wolves and livestock is a growing issue for livestock producers, resource professionals, 
and the general public (Mech, 1996). Unlike the coyote, (Canis latrans) where a great deal is known regarding the biology 
and ecology of depredation and methods for managing it (Knowlton et al., 1999), very little is known regarding patterns 
and processes of wolves preying on livestock and effective ways to mitigate this conflict. Understanding the ramifications 
of growing wolf populations for livestock production and successfully managing these problems will require knowledge of 
depredation patterns, wolf ecology, livestock husbandry, and the effectiveness of different tools and techniques to manage 
wolves. As wolf populations expand into more agricultural areas (Mech et al., 2000) such knowledge will become 
increasingly important. 

Here historic records were compared to current data on wolf depredation rates and wolf management techniques relative 
to the wolf's status on the endangered species list. The objectives were to synthesize the history of wolf depredation and 
management, present current data of wolf impacts on livestock, and speculate on the future management of wolves so 
that producers can consider the ramifications of a growing wolf population and possible mechanisms for decreasing the 
threat. 

Methods 

A Web of Science search was performed for articles published on wolf depredation in the United States and manually 
searched bibliographies of relevant published articles. The literature search included all relevant combinations of the 
following keywords: wolf, livestock, depredation, predation, and domestic animals. From this literature, data were 
compiled for the following parameters: wolf population status, depredation rates, amount of compensation paid, and 
control actions taken. Depredation rates are presented as the number of livestock killed by wolves divided by the total 
livestock available within wolf range. 

Data were compiled for the years 2000 to 2002 on the same parameters mentioned above. Statistics on cattle and sheep 
distribution (httD://wvvvv. usda.gov/nass/) were used to estimate the number of cattle and sheep within wotf range. Annual 
USDA-Wildlife Services annual reports from each state were employed to determine the number of cattle and sheep killed 
by wolves each year. Kills were verified by specialists trained in doing field necropsies to determine cause of death and do 
not reflect those animals that were determined to be probable or possible kills. Accordingly, the data are conservative. 
Estimates of wolf population size, number of wolves killed each year, and number of wolves moved each year were 
gathered from one of the following sources: US Fish and Wildlife Service, Interagency Rocky Mountain wolf recovery 
reports (USFWS et al., 2003); Wisconsin Department of Natural Resources annual reports (Wydeven et al., 2003); 
Michigan Department of Natural Resources (Michigan DNR, 1997); and USDA Wildlife Services-Minnesota annual reports 
(Paul, 2002). The amount of compensation paid in each state was determined for wolf kills through one of the following 
sources: Minnesota Department of Agriculture, Wisconsin Department of Natural Resources, or Defenders of Wildlife. 

Results and Discussion 

Wolf Depredation and Wolf Management Prior to the Endangered Species Act 

There was very little reliable information regarding the impact of wolves on livestock and factors that affected this 
interaction before the 1970s. Wolves certainly killed domestic animals and apparently caused considerable damage in 
certain areas (Bailey, 1907; Young and Goldman, 1944; Brown, 1983). But the accounts were generally anecdotal, 
possibly exaggerated, and usually did not consider ecological and biological aspects that may have influenced wolf- 
livestock relationships. The paradigm during this period was that wolves should be eradicated in part because they killed 
livestock (Lopez, 1978; Fritts, 1982; Mclntyre, 1995). Eradication was accomplished primarily through the broad use of 

poison (e.g., strychnine, thallium sulfate, sodium monofluoroac-etate-compound 1080, and cyanide) in conjunction with £xhibit L-1 

trapping (e.g., pitfalls, snares, steel traps), denning (finding dens and killing all animals associated with the den), aerial 

http://www.sheepusa.org/index.phtml?page=site/news details&navjd=2005c8427fec37290ac574cd9351..^ 5/30/2006 



Case 1 :06-cv-01 279-CKK Document 6-8 Filed 07/25/2006 Page 2 of 6 
Managing Wolf Depredation in the United States: Past, Present, and Future - American Sheep Industry Page 2 of 6 

shooting, and sport hunting (Brown, 1983; Cluff and Murray, 1995; Mclntyre, 1995). Initially the eradication efforts were 
financed by livestock producers and state bounty programs that supported professional "woifers" but because of 
inefficiency and fraud, the U.S. Biological Survey hired professional trappers in the early 20th century to remove wolves 
primarily in the western United States (Lopez, 1978; Brown, 1983; Mclntyre, 1995.). By the early 1970s, wolf eradication 
was nearly complete in the United States except for a small population that remained in remote wilderness of northern 
Minnesota. Throughout this period other methods occasionally employed to decrease depredation were fencing, 
shepherding, and improved husbandry (Brown, 1983). 

During the 1800s and early 1900s, densities of native ungulates (deer, Odocoileus sp.; elk, Cervus elaphus; bison. Bison 
bison; and antelope, Antilocapra americana) were dramatically reduced through unregulated hunting. Concomi-tantly, 
densities of domestic livestock were dramatically increased throughout much of the United States. These changes in 
ungulate composition and density very likely increased the rate at which wolves killed livestock and contributed to the 
wolfs reputation as a livestock killer (Brown, 1983). By the time ungulate populations began to rebound in the later 20th 
century, most wolves had been eradicated. Because large populations of native ungulates and abundant livestock have 
never been studied in relationship to wolves, there is little known about the impacts that wolves might have on these 
simultaneously present native game and livestock populations. 

Recovering Wolf Populations (1974-2002) 

In 1974, wolves were placed on the Endangered Species List, and, as such, lethal control of wolves subsided. In 1978 the 
wolf's status was changed to threatened in Minnesota to allow federal biologists more flexibility with controlling problem 
individuals (Fritts, 1982). Otherwise, wolves remained endangered in the lower 48 states. As a result of protection, and 
despite the 1978 change in this state, the Minnesota wolf population grew steadily from approximately 1000 in 1974 to 
2500 in 1998 (Fuller et al., 1992; Berg and Benson, 1999). In the late 1970s and early 1980s, dispersing wolves from 
Minnesota began colonizing parts of Wisconsin (Wydeven et al., 1995; Thiel, 2001) and Michigan (Michigan DNR, 1997). 
Populations grew steadily in each state and numbered approximately 330 in each state in 2002. 

In the western United States, wolves dispersed from Canada in the late 1970s and began to naturally colonize 
northwestern Montana (Ream et at., 1989; Pletscher et al., 1997). In 1995 and 1996, wolves from Canada were 
reintroduced into Yellowstone National Park and central Idaho as experimental non-essential populations. This designation 
allowed greater flexibility to manage problem wolves despite their status as endangered species. Wolf populations grew 
steadily in Idaho, Wyoming, and Montana through 2002, to where they occupied most remote areas in these states and 
were becoming more common in agricultural areas (USFWS et al., 2003). 

Depredation Rates 

The first studies of the impact of wolves on livestock began in Minnesota and are detailed in Fritts (1982) and Fritts et al. 
(1992). Mack et al. (1992) summarized data from this work and found that in Minnesota from 1979 to 1991, annual 
depredation rates averaged 0.12 cattle/1,000 available (range: 0.04 to 0.18) and 2.37 sheep/1000 available (range: 0.03 
to 7.04). Our data for Minnesota from 2000 to 2002 showed a mean depredation rate of 0.22 cattle/1000 available (range: 
0.17 to 0.26) and 1.81 sheep/1000 available (range: 0.33 to 3.84). 

In Montana, Mack et al. (1992) summarized depredation rates of colonizing wolves from 1987 to 1991 and calculated a 
mean depredation rate of 0.04 cattle/1000 available (range: 0.0 to 0.08) and 0.21 sheep/1000 available (range: 0.0 to 
0.88) (Table 4). From 2000 to 2002, we calculated a mean depredation rate of 0.02 cattle/1000 available (range: 0.02 to 
0.03) and 0.59 sheep/1000 available (range: 0.09 to 1.05) (Table 5). Overall, from 2000 to 2002, wolf range in the lower 
48 states exposed approximately 1,894,000 cattle and 208,649 sheep to the presence of wolves. There were about 3,773 
wolves that killed an average of 153 cattle and 136 sheep per year. 

The losses we report were those verified by USDA/APHIS/Wildlife Services; actual losses were greater by an unknown 
amount. This is an important area of research because compensation programs were primarily based on the number of 
verified losses. From 2000 to 2002, an average of $185,564 per year was paid in compensation for livestock losses by 
state governments and Defenders of Wildlife (Table 1). Oakleaf et al. (2003) estimated that the detection rate of cattle 
killed by predators reflected one-eighth of the actual losses to wolves within their study system in Idaho. They also 
speculated that the detection rate varied depending on the type of terrain and vegetation characteristics of the grazing 
allotment (i.e., less rugged and less timbered country would have higher detection rates). 

Several patterns emerge from these results. First, the overall impact of wolves on the livestock industry was small relative 
to other factors, such as disease, coyote depredation, birthing problems, weather, and accidents. However, our analysis 
does not consider specific spatial location of kills and the degree to which kills were clustered for particular producers. 
Often it is found that kills are relegated to a few ranches (i.e., hot spots) and that wolves can have a significant economic 
impact on these individual operations. A number of studies of livestock losses to carnivores demonstrate the presence of 
hot spots, or small areas that have recurring attacks on livestock by carnivores (Fritts et a!., 1992; Cozza et al., 1996). For 
example, Stahl et al. (2001) studied lynx attacks on sheep in France and found that certain geographical areas that 
covered only 0.3 to 4.5% of the total area where attacks occurred accounted for 33 to 69% of the attacks. A number of 
factors are hypothesized for causing hot spots, including individual problem predators, herding techniques, the abundance 
and availability of wild and domestic prey, habitat characteristics, and the abundance of predators. Mech et al. (2000) 
compared Minnesota farms that experience chronic depredation by wolves killing cattle to nearby farms without chronic 
problems. Of 11 farm characteristics measured they found that chronic tosses occurred on larger farms, farms that had 
more cattle, and farms that had herds farther from human dwellings. No other habitat or husbandry practices were found 
to differ significantly between depredated and non -depredated farms; whether or not these are general patterns that hold 
true for wolves in other geographical areas is unknown. 

Second, the rate of depredation remained relatively constant for Minnesota (1979 to 2002) and Montana (1987 to 2002). Exhibit L-2 

These data should be interpreted cautiously because of the uncertainty associated with the estimate of the number of 

http://www.sheepusa.org/index.phtml?page=site/news_details&nav_id-2005c8427fec37290ac574cd9351... 5/30/2006 



Case 1 :06-cv-01 279-CKK Document 6-8 Filed 07/25/2006 Page 3 of 6 
Managing Wolf Depredation in the United States: Past, Present, and Future - American Sheep Industry Page 3 of 6 

cattle "available" to wolves. But assuming depredation rates were fairly accurate, these data indicate that the size of the 
wolf population did not affect the rate at which they killed livestock. It is possible that this rate may increase in the future 
as wolf populations continue to grow and expand into agricultural areas where the availability of livestock and natural prey 
are different than in more remote wilderness areas. Mech (1998) analyzed this issue and recommended consideration of 
pre-emptive control to reduce economic cost of controlling wolf populations that are growing into agricultural areas. 

Last, our data demonstrate that sheep were more vulnerable to attack by wolves than cattle (sheep depredation rates 
were 2 to 30 times higher than cattle depredation rates; Tables 2, 3, 4, and 5). The reasons for higher depredation rates 
on sheep were unknown but may be associated with the generally higher vulnerability of sheep to predators or the fact 
that sheep flocks tend to be less dispersed than cattle herds, possibly facilitating surplus killing. Of interest is the 
observation that surplus killing by wolves is commonly associated with sheep but not cattle. Because a single depredation 
incident, or series of incidents, may cause the death of many sheep, sheep depredation numbers show more erratic, 
unpredictable variation from year to year than cattle depredation numbers. 

Depredation Management Techniques 

From a management context, the listing of wolves brought about the development and use of new non-lethal tools and 
techniques to manage wolves (see Smith et al., 2000a and Smith et al., 2000b for a comprehensive review). These 
included: translocating problem animals (Fritts, 1982, 1985; U. S. Fish and Wildlife Service et al., 2003) utilizing scare 
devices (Shivik and Martin, 2001; Shivik et al., 2003; Breck et al., 2002), dogs (Coppinger and Coppinger, 1995), barriers 
(Musiani and Visal-berghi, 2001; Musiani et al., 2003), and improving livestock husbandry (Fritts et al., 1992; Mech et al. 
2000). Transloca-tion was fairly effective at stopping depredation problems but was expensive and time consuming and 
relied upon there being vacant areas available to release captured animals. This practice was phased out in all recovery 
areas as populations grew. The effectiveness of non-lethal tools, such as scare devices and fladry, varied but in general 
worked for short periods (a few weeks to a few months) and only in small areas. In many situations with problem wolves, 
non-lethal techniques were initially utilized until they failed at which time lethal control was Implemented. 

Little is known about how altering livestock husbandry would affect depredation patterns, but it offers promise as to a 
long-term, non-lethal solution in some situations, especially in areas where livestock are grazed on open range with little 
management. Alteration to husbandry might include aggregating livestock, managing birthing dates so young are not born 
on the open range, and herding vulnerable animals at night. Robel et al. (1981) evaluated the effectiveness of several 
husbandry methods for reducing sheep losses to coyotes by correlating the number of sheep killed to a number of factors 
that varied among 109 sheep producers in Kansas. Producers experienced less predation toss when they hauled away 
sheep carcasses, lambed during particular seasons, confined flocks of sheep to corrals, and maintained larger flock sizes. 
Evidence from Europe also suggests the importance of husbandry. Greater losses of livestock to carnivores occurred in 
Norway, where sheep were entirely free-ranging and unattended, than in France, where livestock were constantly herded 
or confined at night (Stahl et al., 2002). Though these and other studies suggest husbandry can be effective for reducing 
conflict with carnivores, our knowledge regarding husbandry and its effectiveness with different carnivore species, 
especially wolves, is very limited (Knowiton et al., 1999). It is also important to consider the increased costs and possible 
deleterious consequences associated with altering husbandry practices (e.g., confinement of livestock may lead to 
overgrazing) but little research has been done on this topic. 

Lethal control of problem Individuals and packs became more common in all recovery areas as wolf populations grew. 
Lethal removal usually was implemented when non-lethal procedures were impractical or ineffective. During 2000 to 2002, 
an average of 163 wolves were killed annually in the contiguous United States (primarily through trapping) in contrast to 
none or a few during the earlier years of recovery. It is likely that as wolf populations continue to grow, lethal control will 
be used more often to control problem wolves. Lethal control of wolves was primarily carried out by federal biologists and 
managers, and this is likely to remain the paradigm for some time, even after wolves are de-listed. Depredation 
management from 1974 to 2002 was related to the size of a recovering population. At small population sizes, much time 
and effort was devoted towards minimizing depredation problems through non-lethal management, but as populations 
grew, lethal removal of selected individuals or packs became more prevalent. 

After Delisting 

The initial listing of wolves as endangered species in 1974 delineated a critical juncture for the way wolves were managed 
in the United States. It is likely that the impending delisting of wolves from the endangered species list will present 
another critical period in that lethal management will become more common in areas where recovered wolf populations 
are at sustainable levels. The amount of lethal control allowed, how it is carried out and by whom wilt likely vary 
depending upon how individual states set up their individual management plans. In the short term, most wolf control is 
likely to continue to be done by USDA Wildlife Services, under arrangements with the states similar to those for coyote 
control. When delisting occurs, it is likely that greater authority will be given to the local communities that have to interact 
most closely with wolves. Non-lethal control will likely be de-emphasized because of the high costs and limited 
effectiveness, although research into long-term, non-lethal solutions will likely continue because of the strong interest in 
alternative management strategies. 

Future research regarding lethal control will focus on determining if problem individuals exist and figuring out ways to 

selectively remove these animals. Problem animals are those individuals that kill more livestock per encounter than other 

individuals within the population (Linnell et al., 1999). Problem individuals are known to exist for a wide range of 

carnivores including grizzly bears (Anderson et al., 2002), coyotes (Till and Knowiton, 1983; Conner et al., 1998; Sacks et 

al., 1999), lynx (Stahl etal., 2002), wolverine (Landa etal., 1999), and jaguars (Rabinowitz, 1986). However for wolves it 

is difficult to determine whether or not problem individuals exist because of the social nature of packs. Thus it may be 

more realistic to investigate whether or not problem packs develop. If so, the causal mechanism leading to the 

development of problem packs would be important to investigate. Understanding what influences carnivores to attack and 

kill livestock will aid in the development of tools and techniques that managers can use to mitigate problems. It is likely 

that the most significant advances will unite knowledge of livestock husbandry, technology, and carnivore behavior and Exhibit L-3 

ecology. 
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